Abstract. The volume of a tetrahedron is represented in terms of the twelve face angles, inradii of the faces of tetrahedron, circumradii of the faces and the radius of the sphere circumscribing the tetrahedron.
Introduction
Let v 0 , v 1 , v 2 , . . . , v n be independent points in n-dimensional Euclidean space E n . Let rv 0 , v 1 , . . . , v n s, V n and r denote an n-simplex generated by v 0 , v 1 , v 2 , . . . , v n , the volume of rv 0 , v 1 , . . . , v n s and the inradius of 2-simplex, respectively. Now, for any 2-simplex a " rpcot B{2`cot C{2q, b " rpcot A{2`cot C{2q, c " rpcot A{2`cot B{2q.
Therefore, the area V 2 is given by
" r 2 pcos A{2 cos B{2 cos C{2q{psin A{2 sin B{2 sin C{2q " 4Rr cos A{2 cos B{2 cos C{2. On the other hand, in terms of circumradius and face angles of 2-simplex, V 2 is given by
In this paper, we first derive a three dimensional version of formula (1) for tetrahedron in terms of its twelve face angles, inradius of each faces and the radius of the sphere circumscribing the tetrahedron. Next, we derive a three dimensional version of formula (2) in terms of its twelve face angles, circumradius of each faces of tetrahedron and the radius of the sphere circumscribing the tetrahedron. We know that Cayley-Menger determinant gives the volume of a simplex in j dimensions. If S is a j-simplex in E n with vertices v 0 , v 1 , v 2 , . . . , v j and B " pβ ik q denotes the pj`1qˆpj`1q matrix given by
then the content V j is given by
whereB is the pj`2qˆpj`2q matrix obtained from B. Here detpBq is the Cayley-Menger determinant.
2. Volume of a tetrahedron in terms of r i , R and θ ij For j " 3, the content of the 3-simplex (i.e., volume of the general tetrahedron) is given by
where detpBq "ˇˇˇˇˇˇˇˇˇˇˇˇ0 
0ˇˇˇˇˇˇˇˇˇ.
Therefore, another form of the volume of tetrahedron,
.
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Notation: Suppose x 0 , x 1 , x 2 and x 3 are four independent points in E 3 . T is the tetrahedron [x 0 , x 1 , x 2 , x 3 ]. F 0 , F 1 , F 2 , F 3 are the four faces of tetrahedron given by x i R F i for i " 0, 1, 2, 3. Let r i be the inradii of the corresponding faces F i for i " 0, 1, 2, 3, and θ ik are the face angles corresponding to the face F i and point x k , k P t0, 1, 2, 3uztiu. Also a ij are the edge length of tetrahedron, a ij " rx i , x j s for every i, j P t0, 1, 2, 3u, i ‰ j and a ij " a ji , @i, j. Theorem 1. Let r i be the inradii of faces F i , i P t0, 1, 2, 3u and θ ij , for i, j P t0, 1, 2, 3u, i ‰ j, be the face angles of a tetrahedron. Then the volume V of the tetrahedron is given by
where , for every i, j P t0, 1, 2, 3u, i ‰ j, k P t0, 1, 2, 3uzti, ju and p P S 1 ztku, where 
from which the theorem follows.
Note. One can also find the volume of a tetrahedron in terms of other inradii of faces of tetrahedron using the above relation (3) and (4).
3. Volume of a tetrahedron in terms of R i , R and θ ij Let R i be the circumradii of the corresponding faces F i for i " 0, 1, 2, 3. In this section, we prove: Theorem 2. Let R i be the circumradii of faces F i , i P t0, 1, 2, 3u and θ ij , for i, j P t0, 1, 2, 3u, i ‰ j, be the face angles of a tetrahedron. Then the volume V of the tetrahedron is given by
where
A " sin θ 32 sin θ 10 , B " sin θ 31 sin θ 20 sin θ 12 sin θ 21 , C " sin θ 30 sin θ 12 , and R is the radius of the sphere circumscribing the tetrahedron.
Proof. It is obvious that
for every i, j P t0, 1, 2, 3u, i ‰ j, k P t0, 1, 2, 3uzti, ju and p P S 2 ztku, where 
3R
a´p N q, from which the theorem follows.
Note. One can also find the volume of a tetrahedron in terms of other circumradii of faces of tetrahedron using the relations (5) and (6).
